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The  firing  characteristics  of  a  new  M231  Firing  Port  Weapon  were  checked  while  firing  Ml 96  | 

ammunition  loaded  with  ball  and  IMR  type  propellants.  Measurements  of  muzzle  velocity  and 
rate  of  fire  were  made  during  these  tests.  The  average  muzzle  velocity  for  the  Ml 96  ammuni-  ] 
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A  complete  kinematic  study  was  also  made  on  a  new  lubricated  weapon  while  firing  M196 
ammunition  loaded  with  ball  and  IMR  type  propellants.  Displacement  versus  time  of  the  bolt 
carrier  and  the  striker  were  measured  using  electro-optical  displacement  followers,  Optrons, 
during  firing  of  the  test  rounds.  Pressure  versus  time  in  the  bolt  cavity  was  measured  using 
a  Kistler  601H  Pressure  Gage  during  firing  of  the  test  rounds. 
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19.  (cont.) 


A  sensitivity  study  was  also  made  on  a  new  weapon  while  firing  under  the  following 
test  conditions. 

1.  The  weapon  was  fired  completely  dry  with  no  lubrication  using  Ml  96  ammunition  loaded 
with  ball  and  IMR  propellants: 

2.  The  weapon  was  fired  with  ammunition  and  weapon  conditioned  at  225. 8K  and  341. 5K 
using  Ml 96  ammunition  loaded  with  ball  and  IMR  propellants. 

3.  The  weapon  was  fired  using  Ml 93  ammunition  from  Lot  No.  LC4-85. 

Displacement  versus  time  of  the  bolt  carrier,  and  pressure  versus  time  in  the  bolt 
cavity  were  measured  during  firing  of  the  test  rounds. 
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I.  DITRODDCriON 


The  original  Firing  Port  Weapon  was  designed  at  the  Ballistic  Research 
laboratory  (BRL)  at  the  request  of  the  Small  Arms  Systems  Agency.  The  first 
weapons  that  were  fired  in  DT  I  tests  at  the  Test  and  Evaluation  Command 
(TECOM)  were  fabricated  at  BRL  according  to  this  original  design.  However, 
since  these  DT  I  tests  several  design  changes  have  been  made  to  improve  the 
reliability  of  the  weapon  and  to  meet  new  requirements  by  the  user.  The 
present  weapon  that  has  successfully  completed  tests  at  TECOM  is  designated 
the  M231  Firing  Port  Weapon,  and  all  of  the  design  changes  made  to  this  weapon 
have  been  a  joint  effort  between  BRL  and  the  Small  Caliber  Weapons  System 
laboratory.  While  the  design  changes  have  improved  the  reliability  of  the 
weapon  they  have  also  changed  the  firing  and  the  operating  characteristics  of 
the  original  weapon.  Therefore,  to  check  the  firing  characteristics  of  the 
present  M231  Firing  Port  Weapon,  firing  tests  were  conducted  at  BRL  on  a  new 
weapon.  To  redefine  the  operating  characteristics  of  the  present  M231  Firing 
Port  Weapon  a  complete  kinematic  study  was  also  performed  on  a  new 
Instrximented  weapon.  A  kinematic  study  was  also  done  on  the  Instrumented  new 
weapon  under  several  different  changes  in  ammunition  and  operating  environment 
to  determine  the  sensitivity  of  the  weapon  to  these  changes. 

II.  DESCRIPTIOll  OP  M231  FIRING  PORT  WEAPON 

The  M231  is  a  5.56  mm  fully  automatic  weapon  that  uses  a  heavy  barrel  and 
fires  from  the  open  bolt  position,  to  prevent  cookoffs,  to  allow  a  sustained 
firing  rate  of  60  rds/min.  The  weapon  is  fired  from  a  ball  and  socket  mount 
Inside  Che  new  Infantry  Fighting  Vehicle  to  provide  suppressive  fire  to  the 
sides  and  rear  of  the  vehicle.  The  weapon  is  shown  in  Figure  1. 


Figure  1.  M23I  Firing  Port  Weapon 


III.  FUNCriOlUNG  OP  H231  FIRING  PORT  WEAPON 


The  functioning  components  of  the  M231  Firing  Port  Weapon  are  shown  in 
Figure  2. 


Figure  2.  Flinctionlng  Gboponents  of  M231  Firing  Port  W^pon 


Since  the  weapon  fires  from  the  open  bolt  position  the  bolt  carrier  must 
first  be  seared  to  the  rear  before  firing  can  begin.  When  the  trigger  is 
pulled  the  sear  is  rotated  downward  out  of  the  sear  notch,  the  bolt  carrier 
starts  forward  and  the  bolt  lug  strips  the  first  round  from  the  magazine. 

When  the  bolt  carrier  is  fully  forward  and  the  bolt  is  locked,  the  striker 
contacts  the  end  of  the  firing  pin  and  the  first  round  is  fired.  After  the 
projectile  passes  the  gas  port  hole  in  the  barrel,  propellant  gas  passes  out 
through  the  regulating  hole  in  the  gas  seal,  and  down  the  gas  tube.  The  gas 
enters  the  bolt  cavity  and  pushes  forward  on  the  bolt  and  rearward  on  the  bolt 
carrier.  As  the  bolt  carrier  moves  rearward  it  rotates  the  bolt  by  means  of  a 
cam  and  pin  which  unlocks  the  bolt  from  the  barrel  extension.  When  the  bolt 
carrier  has  moved  rearward  a  short  distance,  two  vent  holes  in  the  bolt 
carrier  are  uncovered  and  the  remaining  gas  in  the  gas  tube  is  released  to  the 
atmosphere.  A  spring  loaded  extractor  pulls  the  fired  cartridge  case  from  the 
chamber  as  the  bolt  moves  rearward  after  unlocking.  A  spring  loaded  plunger 
in  the  face  of  the  bolt  ejects  the  cartridge  case  after  extraction.  The  bolt 
carrier  continues  rearward  until  it  contacts  the  washer  and  Buna-N  rubber 
buffer,  which  are  held  by  the  drive  spring  retainer  plug.  The  bolt  carrier 
then  starts  forward,  unless  caught  by  the  sear  or  the  bolt  latch  on  the  last 
round,  and  the  bolt  lug  strips  the  next  round  from  the  magazine  and  the  cycle 
repeats . 

in 


IV.  FIRING  CHARACTERISTICS  OF  M231  FIRING  PORT  WEAPON 


To  check  the  firing  characteristics  of  the  present  M231  Firing  Port 
Weapon,  firing  tests  were  conducted  with  a  new  lubricated  weapon  while  firing 
standard  M196  ammunition.  Since  standard  M196  ammunition  is  loaded  with 
either  IMR  or  ball  propellant  a  lot  with  each  type  of  propellant  was  used. 

A.  Measureaents 

1.  Muzzle  Velocity.  The  projectile  velocity  at  the  muzzle  of  the  weapon 
was  measured  using  five  Iiimlline  Screens  placed  downrange.  As  the  projectile 
passed  through  the  screens,  electronic  counters  were  activated  which  recorded 
the  time  of  flight  between  screens.  The  average  projectile  velocity  midway 
between  each  combination  of  screens  was  calculated  and  then  extrapolated  back 
to  the  muzzle. 

2.  Rate  of  Fire.  The  rate  of  fire  was  measured  from  the  round-to-round 
time  Intervals,  as  sensed  by  a  Inmlllne  Screen  and  recorded  by  an  electronic 
counter  and  a  printer. 

B.  Teat  Setup  and  Procedure 

The  weapon  was  constrained  in  a  ball  and  socket  mount.  Thirty-round  burst 
tests  were  fired  using  M196  ammunition  from  Lot  No.  TW18204  (IMR  propellant), 
and  Lot  No.  LC80-H0106012  (ball  propellant).  The  firing  tests  were  conducted 
with  a  lubricated  weapon.  In  all  tests  LSA  was  used  as  a  lubricant  which  was 
liberally  applied  before  each  firing  test. 

C.  Results 

The  results  of  the  test  firings  are  summarized  in  Table  1,  and  sample 
records  are  shown  in  Figures  3  and  4. 

TABLE  1.  RESULTS  OF  FIRING  (HARACTERISTICS  TESTS 


Firing  Interval 

Rate  of 

Fire 

Muzzle 

Velocity 

(ms) 

(rds/mln) 

(m/s) 

TEST  CONDITION 

Ave 

0 

Ave 

a 

a 

AMMO  LOT  NO. 
TW18204 

49.8 

1.4 

1205. 

30. 

913.0 

12.0 

AMMO  LOT  NO. 
LC80-H0106012 

47.8 

1.6 

1255. 

33. 

914.5 

10.5 

D.  Discussion 

1.  Muzzle  Velocity  The  average  measured  muzzle  velocity  of  the  M231 
Firing  Port  Weapon  is  higher  than  the  average  measured  muzzle  velocity  of  the 
original  Firing  Port  Weapon  tested  in  DT  T.  The  reason  for  this  Is  that  the 
barrel  in  the  present  M231  is  longer  than  the  barrel  in  the  original  Firing 
Port  Weapon  tested  in  DT  I. 


re  Versus  Round  Nuaber  In  Thirty— Round  Burst  from  M231  Firing  Port  Weapon 


S  N 


m 
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2.  Rate  of  Fire .  The  results  show  that  the  averaqe  rate  of  fire  for 

the  weapon  firina  ammunition  from  IjOC  No.  'IVI18204  is  about  50  rds/min  ].ess 
than  the  averaqe  rate  of  fire  when  firinq  ammunition  from  Lot  No.  Lf'Sn- 
H0106012.  The  results  also  show  that  the  rate  of  fire  increases  sliqhtly 
durino  the  firinq  of  a  thirty  round  burst.  The  imounr  of  increase  i'?  atout 
3.5  ris  min  for  each  round  fired  in  a  continuous  burst. 

V.  KINEMATIC  STUDY  OP  M231  FIRING  PORT  WEAPON 

Tb  redefine  the  operating  characteristics  of  the  present  M23l  Firinq  Port 
Weapon,  a  complete  kinematic  study  was  made  on  a  new  lubricated  weapon  while 
firinq  standard  Ml  96  ammunition  with  IMR  propellant  and  ball  propellant. 

A.  Measurements 


1.  Displacement  versus  TLme .  The  overall  displacement  of  the  bolt 
carrier  was  measured  usinq  an  electro-optical  displacement  follower,  Optron, 
during  firinq  of  the  test  rounds.  The  magnified  initial  displacements  of  the 
bolt  carrier  and  the  striker  were  also  measured  with  ''>ptrons  during  firino  of 
the  test  rounds. 

2.  Pressure  versus  Time .  The  pressure  in  the  bolt  cavitv  was  measured 
using  a  Kistler  601 H  Pressure  Gage  during  firing  of  the  test  rounds. 

3.  Recoil  TLme.  The  time  required  for  the  bolt  carrier  to  mov»  from 
battery  to  its  maximum  rearward  position  was  measured  from  the  overall 
displacement  versus  time  records. 

4.  Cycle  ‘CLme .  The  time  required  for  the  bolt  carrier  to  move 
rearward  from  battery  and  return  to  battery  was  measured  from  the  overall 
displacement  versus  time  records. 

B.  Ttest  Setup  and  Procedure 

The  weapon  was  constrained  in  a  riaid  mount  by  clampinq  the  weapon 
tightly  at  the  barrel  collar,  as  shown  in  Figure  5.  Single-round  tests  were 
fired  when  measuring  bolt  cavity  pressure  with  the  instrumented  bolt 
carrier.  Single  round  tests  were  also  fired  when  measuring  displacement  of 
the  bolt  carrier  with  the  original  new  bolt  carrier.  In  all  of  the  firina 
tests  Ml  96  ammunition  from  Lot  No.  'IW18204  and  Lot  No.  LC80-H01 060 1 2  was  fired 
from  a  full  thirty-round  magazine.  A  dummy  round  was  inserted  in  the  maaazine 
stop  cycling  of  the  weapon  after  the  first  round.  All  of  the  firinri  tests 
were  conducted  with  a  lubricated  weapon  and  chamber.  In  all  tests  LSA  was 
used  as  a  lubricant  and  applied  before  each  firinq  test. 

Th.e  ncessure  in  the  bolt  cavity  and  the  displacement  of  the  bol"  carrier 
•weie  recorded  on  a  four-channel  waveform  recorder,  Piomation,  and  plots  were 
obtained  fiom  an  oscilloscope  and  a  Hewlett  Packard  plotter. 

C.  Results 

The  :es;;l“s  of  "he  rest  firings  are  simmarized  in  Thhles  2  mi  i .  't-: 

aie  shown  in  Fiqures  6  thru  8. 
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Displacement  Versus  Time  of  Bolt  terrier  in  M231  Firing  Port  Weapon 


Magnified  Initial  Displacenent  Versus 


Magnified  Initial  Bolt  Carrier  Displaceneot  and  Bolt  Cavity  Pressure  Versus  Tine  in  M231  Firing 
Port  Ueapon 


D.  Discussion 


1.  Bolt  carrier  Displaceaent:.  Ftqure  6  shows  a  typical  holt  carrier 
displacement  versus  time  record  for  a  new  lubricated  weapon  firing  Ml  96 
ammunition  with  IMR  propellant.  The  bolt  carrier  displacement  versus  time 
record  for  the  weapon  firing  Ml  96  ammunition  with  ball  propellant  under 
similar  conditions  is  essentially  the  same  as  with  the  IMR  propellant  except 
that  the  cycle  time  is  4  ms  shorter.  The  results  for  both  types  of  propellant 
show  that  the  bolt  carrier  will  sear  up,  latch  up  after  the  last  round  in  the 
magazine  has  been  fired,  and  also  contact  the  buffer. 

2.  Magnified  Initial  Balt  carrier  Displaceaent  and  Magnified  Initial 
Striker  Displacement.  Figure  7  shows  a  typical  magnified  initial  bolt  carrier 
displacement  versus  time  record,  and  a  simultaneously  measured  magnified 
initial  striker  displacement  versus  time  record.  These  records  show  that  the 
bolt  carrier  and  the  striker  are  moving  together  at  a  uniform  velocity  at 
primer  contact.  The  velocity  of  the  striker  at  primer  contact  can  therefore 
be  easily  measured  from  the  magnified  initial  bolt  carrier  displacement  versus 
time  record.  The  records  also  show  that  after  primer  contact  the  striker 
separates  from  the  bolt  carrier  until  after  3.2  mm  of  rearward  travel  when 
they  come  together  again. 

3.  Magnified  Initial  Bolt  C&rrier  Displaceaent  and  Belt  Ovity 
Pressure .  Figure  8  shows  a  typical  magnified  initial  bolt  carrier 
displacement  versus  time  record  and  a  simultaneously  measured  bolt  cavity 
pressure  versus  time  record.  The  records  show  that  the  bolt  carrier  has 
already  moved  rearward  1.14  mm,  by  bouncing  off  the  barrel  extension,  before 
the  pressure  in  the  bolt  cavity  starts  to  rise.  The  magnified  initial  bolt 
carrier  displacement  versus  time  record  shows  that  the  bolt  carrier 
accelerates  very  rapidly  after  the  start  of  pressure  rise  in  the  bolt  cavity 
until  it  picks  up  the  bolt  after  unlocking.  The  bolt  carrier  then  decelerates 
rapidly  until  the  oscillations  between  the  bolt  carrier  and  the  bolt  are 
damped  out,  and  then  accelerates  again  until  the  pressure  in  the  bolt  cavity 
returns  to  zero.  Because  of  these  rapid  accelerations  and  decelerations  of 
the  bolt  carrier  in  its  initial  rearward  motion,  it  is  very  difficult  to 
measure  a  reliable  maximum  rearward  velocity  of  the  bolt  carrier  from  the 
magnified  initial  bolt  carrier  displacement  versus  time  record.  The  results 
show  that  the  maximum  bolt  cavity  pressure  is  1.17  MPa  lower  for  the  Ml  96 
ammunition  with  IMR  propellant  than  for  the  Ml  96  ammunition  with  ball 
propellant.  This  lower  maximum  bolt  cavity  pressure  accounts  for  the  longer 
cycle  time  for  the  Ml  96  ammunition  with  IMR  propellant. 

VI.  SENSITIVITY  STUDY  OF  M231  FIRING  PORT  WEAPON 

Tb  determine  the  sensitivity  of  the  present  M231  Firing  Port  Weapon  to 
changes  in  ammunition  and  operating  environment,  kinematic  measurements  were 
made  while  firing  a  new  weapon  under  the  following  test  conditions. 

1  .  The  weapon  was  fired  completely  dry  with  no  lubrication  using  Ml  96 
ammunition  from  Lot  No.  1^18204  and  Lot  No.  LC80-H0 1 060 1 2 . 

2.  The  weapon  was  fired  with  ammunition  and  weapon  conditioned  at  228. RK  .inR 
341. SK  using  Ml  96  ammunition  from  Lot  No.  TW1R204  and  lot  No.  LCRO- 
H020601 2  . 


3.  The  weapon  was  fired  using  M193  ammunition  from  Lot  No,  LC4-85. 

A.  Measurenents 

The  same  rae^^surement s  were  made  as  In  the  previous  kinematic  studv, 
except  no  striker  displacement  versus  time  measurements  were  made. 

B.  Test  Setup  aad  Procedure 

The  same  test  setup  and  procedures  were  used  as  In  the  previous  kinematic 
study.  In  the  test  firing  at  225. 8K  LAW  was  used  as  a  lubricant  and  applied 
before  each  firing  test. 

C.  Results 

The  measurements  were  analyzed  In  the  same  manner  as  In  the  previous 
kinematic  study  and  the  records  obtained  were  similar  to  those  obtained  in  the 
previous  kinematic  study.  The  results  are  summarized  In  Tables  4  and  5  and 
Figures  9  thru  11. 

D.  Discussion 

1.  Dnlubrlcated  Weapon.  The  results  show  that  the  bolt  carrier  of  a 
new  unlubricated  weapon  firing  M196  ammunition  from  Ijot  No.  TW182n4  will  sear 
up,  latch  up  after  the  last  round  in  the  magazine  has  been  fired,  but  will  not 
contact  the  buffer.  However,  the  bolt  carrier  of  the  weapon  under  the  same 
conditions  while  firing  M196  ammunition  from  Lot  No.  LC80-H0106012  will 
contact  the  buffer.  There  Is  a  big  difference  In  the  cycle  times  between  the 
two  lots  of  M196  ammunition  fired  in  an  unlubricated  weapon  because  In  one  lot 
the  bolt  carrier  rebounds  off  from  the  buffer,  but  in  the  other  lot  It  does 
not,  and  consequently  the  cycle  time  is  much  longer. 

The  results  also  show  that  the  lack  of  lubrication  has  no  effect  on  the 
displacement  of  the  bolt  carrier  at  the  start  of  pressure  rise  In  the  bolt 
cavity,  or  the  maximum  pressure  In  the  bolt  cavity.  However,  the  velocity  of 
the  bolt  carrier  at  primer  contact  Is  slightly  lower  because  of  greater  losses 
due  to  friction  upon  closing  of  Che  bolt  carrier. 

2.  Weapon  and  A—unltion  Cbodlttoned  at  225. 8K  and  341. 5K.  The 

results  show  that  the  bolt  carrier  of  a  new  lubricated  weapon  will  sear  up, 
latch  up  after  the  last  round  in  the  magazine  has  been  fired,  and  contact  the 
buffer  when  weapon  and  ammunition  are  conditioned  and  fired  at  225. 8K  and 
341. 5K  with  the  two  lots  of  M196  ammunition. 

The  results  also  show  that  the  displacement  of  the  bolt  carrier  at  the 
start  of  pressure  rise  in  the  bolt  cavity  Is  less  at  225. 8K  than  at  ambient 
conditions,  but  the  same  at  341. 5K  as  at  ambient  condition.  With  the  two  1  s 
of  MI96  ammunition,  the  maximum  pressure  in  the  bolt  cavity  decreases  at 
225. 8K  and  Increases  at  341. 5K,  over  the  maximum  pressure  In  the  bolt  cavity 
at  ambient  conditions.  The  effect  of  the  conditioning  temperature  on  the 
maximum  bolt  cavity  pressure  is  shown  in  Figure  9.  The  velocity  of  the  holt 
carrier  at  primer  contact  is  lower  at  225. 8K  than  at  ambient  conditions,  but 
the  same  at  341. 3K  as  at  ambient  conditions. 
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Figure 


Maximum  Bolt  Civlty  Pressure 


3.  Weapon  Firing  M193  Amunltlon  The  results  show  that  the  bolt  carrier  of  a 
new  lubricated  weapon  firing  M193  ammunition  will  sear  up,  latch  up  after  the 
last  round  in  the  magazine  has  been  fired,  and  contact  the  buffer  with  a 
lubricated  weapon.  The  recoil  times  and  cycle  times  when  firing  Mlh3 
annunition  are  lower  than  those  of  a  corresponding  new  weapon  firing 
ammunition  from  either  lot. 

The  results  also  show  that  the  displacement  of  the  bolt  carrier  at  the 
start  of  pressure  rise  in  the  bolt  cavity,  and  the  velocity  of  the  bolt 
carrier  at  primer  contact  when  firing  M193  ammunition  are  the  same  as  those  of 
a  corresponding  new  weapon  firing  M196  ammunition.  However,  the  maximum 
pressure  in  the  bolt  cavity,  when  firing  M193  ammunition,  is  higher  than  that 
of  a  corresponding  new  weapon  firing  M196  ammunition.  The  effect  of  the 
maximum  pressure  in  the  bolt  cavity  on  the  recoil  time  and  the  cycle  time  in  a 
new  lubricated  weapon  is  shown  in  Figures  10  and  11.  The  plots  shown  in 
Figures  9  thru  11  also  include  the  results  from  the  previous  firings  with  the 
two  lots  of  Ml  9b  ammunition. 
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